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STATE OF WASHIMGTOH DEPARTMENT OF ECOLOGY
SOURCE TEST HETHOD 19

PARTICLE SIZING USING A CASCADE IMPACTOR

Principle

Farticles are size fractionated by drawing stack gas through & series of
progressively smaller heles or jets increasing their velocity. Farticles
with the required Inertia will cress gas streamlines and impact omto
collecting plates. Particles with less imertia. will mot be impacted and
will be carried by the ailr stream ko the following stage. Since the jet
welocities inerease az the jet size decreases, progressively gmaller
particles are lmpacted and Tetained as they travel thraugh the impactor
and a clasaification results.

Description

The cascade lmpacter is placed inside the stack at a representative
ipcation. 4An igokinetie sampling rate is determined and sampling takes
place at that same rate throughout the sample peried. Particles ave
collecced on a sultable lightwelght enllection surface (substrate],

and the weight determined. The volune sacpled is determined by a total-
izing dry gas meter. A sumulative frequency size distribution is calcu-
lared and the mass mean diameter found. The woss distribution may alse
be decermined.

Equipment

The cascade impacter can be sttached to a commercial model Methed 5
particulate tralpn or to a variety of individual arrangements which muat
ipelude a vacuum pump, dry gas peter, condengeT, probe tube and dmpactor.
An example of this iz shown in Figure 1. The basics of a cascade
i{mpactor are shown in Figure 2. '

a. Substrates - generally metal foil or glass fibeT. Metal folls may be
greased depending om conditions. Apiezon H and Hercules Industrial
Spray Silicone have been found to be gtable at temperatures up to
150"F, Clase fiber surfaces may te uzed but, depending on the parti-
culate, may cause lpcreased collection due to particle penetration and
retention giving mass mean diameters 30 percent greater than using '
grease coated substrates.

b. Hezzles — straight tapered nozzles with no bends. Butten hook
nozzles are not acceptable, The minimum size iz 316 inch in diameter.

&. A heated procbe capable of maintaining & oiniowm gas temperaturc above
the dew point, dowmstrean of the impactor to prevent condenaing molsture
from entering the icpactor. An unheated probe inclined to [oree '
moisture to flow away from the stack is acceptable.
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4. TFltet tube - types 5, oF equivalent, with copfficient within +3%
gver the working range-

8 Thermecouple oT aquivalent TO read stack fenper ALuTs within +1.5%
of sbsolute temperadturs.

£. TImpingers °oT pondenser = enfficient EO remove moigture.

g. Hetering system - vacuuz FEUEE 5 leak-free pump apnd related egquipment
ag reguired to maintain at igckinetic campling Tate and to determine
cample volume.

s, Barometer to MEASurs atmospheric Fressure .1 in Hg.

4. Analytical balance to weigh substrate and filter to 01 milligzams.

i Patri dishes go hold Aubstrates and Filter.

1. Desiccatdr = to p:&:ﬁnditiﬂn jpsarts and iilters prior TO welghing.

1. GCascade Impackor = any of goyeral desizns- Impackbars dasianed by

1eading nanufacturers have been shaWm <@ fractionate gamples efFiclently.

+reparation of Sampling Train = Cheek all o-ring pashkels for deformicies
snd Teplace 23 peCcesSsary. pcgepble the impactor being pareful not to gouth
the substrates. 1f impingers &LE used, place crushed le= around them, If
o heated probe is wsad, bring the tepperatuTe above the dew point. Leak=

check the pampiing grain by plugging the impaciol nozzle and observing .

the leakage TaEE. A leskage Tate pot in excess of .02 cubic fest per win
at a vacuum of 15 inches Hg (oF the highest vacuum required during sampling)
iz acceptable.

Train operatien: For each Tut, yopord nécessaTy data such a8 loeation,
time, datd, ppRIakoT. nozzle diamerer, insert 1 jdentification, initial
impinger wolume, and jnitial dry ga8 metar reading. The welocity profile
ahould be measured. i sampling point in the stack is +hen selected f~ETET
analyziag the gaS weloclcy distribhutiot- The sampling point chauld be 13
g location where wall effects are minimized.

insert the impactor into the stack with the nozzle pointed dovnstrean (in
the flow direction), being sgreful net te BT the nozzle oFf gerape 1t om
the inside of tha stack. Flace the impactor in a rapresanta:rve 1gpcation
in the stacis preheat the impactor E ctock tomperarure £0 prevent con-
densation in the cool impacter. ceart the pulp and adjust the flpw ko is6-
kinetic conditions. This adjustment should be done a5 quickly as possible.
Maintain the sampling flow Tats auring the test; atherwise, the particle
slze cut—ofEs, which depend oT the Elow TaE2. will be smeared. Pericdically
recerd testing pATATMETETS such ae stack pemperatuTe, pump VECUUD and flod
Tabe. Contlnue E£O 5ample until sufficient —aterial is collected on each
jppactor SLaZE- ar the completiom of sampling. clgse Ehe flow control
valve and TEmOVE the impacter from the stack, being careful not te bumn LT.



It has been showm that a major part of wall lesses are due to migratlon
of partlcims (after impaction) caused by the jestling around of the
jopactor during removal from the duct or stack, and tremsportation to
the laboratory.

Sample Recovery: Remove the collection substrates from the collection
stages and place them in marked petri dishes. Brush all particulate
matter from the iaterior surfaces of each stage and the nozzle to the
jmmediately downstream collection eyrface., The exposed substrate should
form discreet, well-dcfined piles. he—pntrainzent should be suspected if
the piles are non—unifoern, diffuse, halo like, or there are duat trails
leading from the sasple deposits te the orlfices. The backside of the
jet plates may have collected losses which hawve bounced from the sub-
strates.

Analisia

Dey the inserts to a censtant weight. The use of a balsnce with an
appuracy of .01 mg 15 preferable. In some cased 0.1 mg. sensitivity 1=
acceptable. I impingers aie used, determine moisture content by
measuring condensate volume and the siliea gel weight gaio.

Calculations

talculate the change in welght of the substrates and backup filver. Add
the differences to get the total particulate weight callected. Divide
the amount eollected on each substrate by the total amount collected to
find what percent of the total is impacted on each substrate. Find the
p_. for each stage by use of the supplied calibration graphs for the
i@pactor or by direct ume of equations. The equiyalent serodynamic
particle size should be presented as a minimum, using the assumption of
unit parcicle density. The particle size may also be found by using
handbook walues for the deasity of the substance if koown. GCraph the
results on log probability paper with particle dizmeter Ed5ﬂ} Ve rsus
cupulative percent by welght. J

The data should be pxamined for inconsistencies. For example, there
should be a minimm .3 DE. collected on each stage and a maximm of

5 — 7 mg. ILf the filter has em enuoually high weight in comparison to

the preceading Stages. re—eatrainment should be suspected. Some equatioms

 that com be used to find the Dep, the particle dismeter at which the stage

achieves 30 per¢ent efficliency; are showm belou:

] 1/2
2.05 u D3
Dy = i e e
C F.'P q, I,
Where!
& w1 +§i (1.23 + 0.4l e % p (-0.44 Deg )
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Diamerer of particile impacting en the stage, C.
Jet dizmeter on stage, ©O

tmber of jets on SLAge-

Tensity of particles, g!cuj

Pressure on stage, mm Hg.

Velumerric flow rate through impacter at stack
Stack pressure, mm HE

¥ean free path, cm

B8.572 u Tj

F, ¥iw

4
Vigeosity at SLage

Holecylar weight of pas straad

Temperature at stage

qnditinna,-¢53fsec.



